Objectives. The purpose of this study was to compare lymph node (LN) staging using 18 F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) with contrast-enhancement (CE) PET/CT and contrastenhanced neck CT (neck CT) in patients with thyroid cancer with level-by-level comparison with various factors.
INTRODUCTION
Patients with thyroid cancer generally have a good prognosis, and 5-year overall survival is >90% [1, 2] . However, cervical lymph node (LN) metastasis occurs in 30% to 80% of patients with thyroid cancer [3] . LN metastasis is associated with an in-creased risk of locoregional recurrence, even in low-risk patients [3] . Therefore, appropriate LN dissection is very important. Adam et al. [4] reported that cervical LN metastasis is associated with compromised survival in young patients with papillary cancer. LN metastases are most common at cervical levels VI and VII [5] . Lateral neck metastases (levels I to V) are less common but may be associated with a worse prognosis [5, 6] . LN dissection is indicated for cases of LN metastasis [7] . Prophylactic LN dissection can also be performed, although it is controversial [3, 8] . However, the extent of LN dissection can directly affect the quality of life due to cosmetic issues, postoperative complications, and postoperative morbidities [3, 5] . Therefore, a preoperative neck evaluation for thyroid cancer is necessary to determine the extent of the surgical resection [9, 10] . Imaging modalities, such as neck ultrasonography (US), computed tomography (CT), positron emission tomography (PET)/CT, and magnetic resonance imaging are important modalities for assessing the lateral neck [5] . The type of neck dissection to be performed depends on the cervical level. Determining the cervical level(s) involved is important to decide the extent of dissection.
Byun et al. [11] reported that addition of 18 F-fluorodeoxyglucose (FDG) uptake information to ultrasonography results can improve the sensitivity of metastatic LN detection. Choi et al. [12] reported that different results according to cervical levels in evaluation of LN between CT and US. In their study, compared to US, CT showed better sensitivity in detecting central node (level VI) but lower sensitivity in detecting lateral nodes (level II to V) [12] . We thought the performances in preoperative LN staging might be different between PET/CT and contrast-enhanced neck CT (neck CT) according to level-by-level comparison as well as other factors like FDG uptake.
In this study, we compared the preoperative LN staging of contrast-enhanced (CE) FDG PET/CT and neck CT in patients with thyroid cancer in a level-by-level analysis with other factors.
MATERIALS AND METHODS

Patient selection
This was a retrospective study. We enrolled patients with thyroid papillary carcinoma who underwent both CE PET/CT and neck CT before surgery for thyroid cancer from January 2010 to May 2014 at four institutions.
All enrolled patients underwent thyroid surgery with or without neck dissection. The interval between surgery and CE PET/ CT was <3 months. Patients were excluded if the interval between CE PET/CT and neck CT was >1 month. Patients were excluded if the interval between the operation and imaging was >1 month. This protocol was approved by the Institutional Review Boards at each hospital.
F-FDG PET/CT and CE CT
PET/CT scans were acquired after a single FDG injection. Patients fasted for 6 hours before the 18 F-FDG injection (serum glucose level <180 mg/dL). FDG dose was corrected for body mass index at all centers. The scan was obtained from the subcranial region to the upper thigh (torso) 60 to 90 minutes after the injection. A low-dose CT acquisition without contrast enhancement (NE CT) was initiated first, followed by PET acquisition. Then, the CE CT scans were collected. Iterative reconstruction was done using ordered-subset expectation maximization software. The attenuation was corrected by NE CT. NE PET/CT was not performed at one institution, and CE PET/CT was used for attenuation correction in these patients (n=14).
The PET/CT machines used in this study were as follows: the Biograph TruePoint 40 PET/CT scanner (Siemens Medical Solutions, Knoxville, TN, USA) or the Biograph 16 PET/CT scanner (Siemens Medical Solutions), the Discovery ST PET/CT instrument (GE Medical Systems, Milwaukee, WI, USA), the Discovery ST PET/CT instrument (GE Medical Systems), the Discovery VCT PET/CT instrument (GE Medical Systems), and the Gemini TF (Philips-ADAC Medical Systems, Cleveland, OH, USA). The workstations used for reconstruction were the Syngo multimodality workplace, Exeleris Advanced Workstation 4.4 (GE Medical Systems).
CE neck CT
Neck CT was performed as preoperative staging. The scanners used at the various institutions were: the Somatom Sensation 16 (Siemens Medical Solutions, Erlangen, Germany), the MX 8000 IDT 16 (Philips Medical Systems, Eindhoven, the Netherlands), and MX 8000 Infinite Detector Technology (Philips Medical Systems).
Image analysis and information obtained
Each scan was read by qualified nuclear physicians and radiologists at each institution. The report of each institution was analyzed retrospectively without additional reading. The following primary tumor information was obtained from the neck CT report: size (cm), extrathyroid extension (positive/negative), and number of primary tumors. The same information was obtained from the CE PET/CT report but the primary tumor maximum standardized uptake value (SUVmax) was measured. When tumors were bilateral, we used the highest SUVmax value avail-18 F-fluorodeoxyglucose positron emission tomography/computed tomography with contrast-enhancement (CE PET/CT) was more accurate than CT for differentiating N0, N1a, and N1b (81.2% vs. 68.2%).
For ipsilateral level IV and IV, CE PET/CT was more sensitive and has higher negative predictive value than CT.
able. The LN analysis was undertaken on a level-by-level basis, using the cervical LN levels described in the American Joint Committee on Cancer staging manual [13] . Information about the metastatic LN levels and LN stages (N0, N1a, or N1b) was obtained from neck CT. LNs with a long axis diameter (>1 cm or >1.5 cm for submandibular or jugulodiagastric LNs) were considered metastatic nodes [14, 15] . In addition, central lucency suggesting necrosis was considered a malignant feature, regardless of size [14, 15] . Borderline sized LNs with pathologic contrast enhancement were also considered metastatic [14, 15] .
The metastatic LN levels and LN stages (N0, N1a, or N1b) were determined from PET/CT. LNs with SUVmax >2.0 were considered metastatic nodes [15, 16] . In addition, central lucency suggesting necrosis was considered a malignant feature, regardless of SUVmax [14, 15] . However, uptake by tissues other than nodes, such as by a vessel, was considered benign after review of the CT portion of the CE PET/CT scan, regardless of SUVmax [15] . In addition, LNs with pathologic contrast enhancement were considered metastatic, regardless of SUVmax.
For determination of ipsilateral or contralateral side of the neck, the location of primary tumor was used. When tumors are at both sides of the thyroid lobes, metastatic LNs on either sides of the neck were considered as "ipsilateral." Clinical information such as age, sex, interval from PET to the operation, or interval from CT to PET, camera type, and PET/CT arm position was also analyzed.
Gold standard for the final diagnosis
The LN analysis was performed on a level-by-level basis. The final diagnosis for LNs that were not dissected out during the operation was determined by follow-up of serum thyroglobulin or US or postoperative radioactive iodine scan (Table 1) . Because the purpose of the clinical follow-up is to confirm the status of LNs at the timing of preoperative evaluation, the follow-up period was limited to 6 months after surgery.
Statistical analysis
Accuracy, sensitivity, specificity, positive predictive value, and negative predictive value (NPV) were analyzed for all cervical LN levels and for the cervical levels detected on CE PET/CT and neck CT. Analyses were done to differentiate between N0 and N1 and to differentiate between N0, N1a, and N1b. The comparison of the number of involved cervical levels between CE PET/CT and neck CT was done using the paired t-test and degree of agreement. We analyzed the effects of clinical factors, such as sex, scanner type, arm position, T staging, extrathyroidal extension, and pathological tumor type, on the accuracies of CE PET/CT and neck CT using Pearson chi-square test. Quantitative data, such as age, tumor size, number of primary tumors, and primary tumor SUVmax were analyzed by logistic regression, the t-test, or the Mann-Whitney test. For analysis of clinical factors, we used groups of "correct/incorrect" cases of each modalities based on the final results. For example, when CE PET/ CT successfully staged the LN (N0, N1a, and N1b) in some patients, they were categorized as CE PET/CT correct cases.
The sensitivity and specificity comparisons were performed using the McNemar test. To compare predictive values, we used R Core Team (R Foundation for Statistical Computing, Vienna, Austria; https://www.R-project.org/). We also used package DTComPair for R (R package ver. 1.0.3; http://CRAN.R-project. org/package=DTComPair). Also, Medcalc ver. 13.3.3.0 (Medcalc Inc., Ostend, Belgium), and IBM SPSS ver. 19.0 (IBM Co., Armonk, NY, USA) were used.
RESULTS
Eighty-five patients were enrolled from four institutions (Fig. 1) . :bilateral: contralateral only) For tumors in both sides of thyroid lobes, metastatic lymph nodes in either sides of the neck were considered as ipsilateral metastasis. In analysis of ipsilateral metastasis, central lymph nodes (level VI and VII) were excepted. There was no case with lymph node metastasis to contralateral neck without ipsilateral side metastasis. The patients' characteristics are described in Table 1 . Average SUVmax of primary tumor was 9.5±11.3 cm (range, 1.5 to 50.7 cm) and average size of primary tumor was 1.13±0.9 cm (range, 0.2 to 5.0 cm).
Analysis by patients
The overall accuracy for detecting a cervical LN metastasis (differentiate between N0 and N1) was 81.2% for CE PET/CT and 68.2% for neck CT. CE PET/CT was more sensitive for detecting overall cervical LN metastases than that of neck CT (65.8% vs. 44.7%, P=0.008) ( Table 2) . Also, CE PET/CT showed significantly higher NPV than CT (77.2% vs. 66.1%, P=0.001).
The final diagnosis and CE PET/CT distinguished N0, N1a, and N1b (weighted kappa [κ], 0.704), whereas the final diagnosis and neck CT showed moderate agreement (weighted κ, 0.5). The accuracies of differentiating N0, N1a, and N1b were 81.2% for CE PET/CT and 68.2% for neck CT (P=0.078) ( Table 2 ).
Analysis of each cervical level: contralateral or ipsilateral
We analyzed the difference in findings between CE PET/CT and neck CT between each level of ipsilateral or contralateral cervical levels. Table 2 describes the results. Cervical level VI and ipsilateral level IV showed significantly different findings between CE PET/CT and neck CT (P<0.05 in all comparisons). In the other cervical levels, there was not significant difference between CE PET/CT and neck CT. In both levels of VI and ipsilateral IV, CE PET/CT was significantly more sensitive (86.7% vs. 40.0% in ipsilateral level IV; 52.9% vs. 29.4% in level VI) than neck CT. Also, CE PET/CT showed higher NPV (97.1% vs. 88.3% in ipsilateral level IV; 75.0% vs. 66.7% in level VI) for detecting metastatic LNs than neck CT (Table 2) .
Analysis by number of cervical levels involved CE PET/CT and the final diagnosis showed good agreement after calculating the number of cervical levels with a LN metastasis (weighted κ, 0.692). Neck CT and the final diagnosis showed moderate agreement (weighted κ, 0.506). CE PET/CT and neck CT showed good agreement for the number of cervical levels involved (weighted κ, 0.685). However, neck CT showed fewer cervical levels with a metastasis that that of PET/CT (P=0.009).
Analysis of clinical factors affecting the accuracy of CE PET/ CT and neck CT
For CE PET/CT, when tumors were in both lobes, CE PET/CT less frequently (both 63.0% vs. 84.5%) staged LNs (N0, N1a, and N1b) correctly than when the tumor was in one lobe, but it failed to show statistical significance (P =0.053). For neck CT, when tumors were in both lobes, neck CT less frequently (both 59.3% vs. 72.4%) staged LNs (N0, N1a, and N1b) correctly than when the tumor was in one lobe, but it also failed to show statistical significance (P=0.336).
The primary tumor SUVmax values were higher when tumors were on bilateral lobes (median, 10.8) than when a tumor was on one lobe (median, 3.75; P=0.000). However, no difference in the primary tumor SUVmax was found between patients whose CE PET/CT scan was correct and whose CE PET/ CT scan was incorrect in distinguishing N0, N1a, and N1b (same result as when differentiating N0 or N1). Partial correlation failed to show significant effect of tumor side (ipsilateral vs. bilateral) and SUVmax on the accuracy of NE PET/CT. The logistic regression also failed to show a significant effect of primary tumor SUVmax on the accuracy of CE PET/CT or neck CT.
Other clinical factors, including sex, scanner type, arm position, extrathyroidal extension, pathologic tumor type, age, tumor size, intervals between CE PET/CT and operation, or neck CT to the operation, or CE PET/CT to neck CT did not affect Chi-square for trend. (Table 3) . The median value of number of tumors of CE PET/CT correct cases were lower than that of incorrect case (P =0.016). However, chisquare for trend failed to show tendency of smaller or larger number of tumor were related to be PET/CT N staging accuracy. In addition, no significant differences were found relating to the accuracies for LN staging by CE PET/CT and neck CT at any of the institutions.
DISCUSSION
Our results suggest that CE PET/CT has higher sensitivity and NPV than neck CT for preoperative LN staging in patients with thyroid cancer. By level-by-level analysis, only level VI and ipsilateral level IV showed statistically significant differences in sensitivity and NPV between CE PET/CT and neck CT in N staging.
Jeong et al. [15] reported that NE PET/CT has sensitivity of 30.4%, specificity of 96.2%, and diagnostic accuracy of 86.9% at all LN levels. In their study, the corresponding values for neck CT were 34.8%, 96.2%, and 87.2% (CE CT). Kim et al. [8] reported that preoperative LN staging of patients with papillary thyroid cancer by neck CT has sensitivity of 62% and specificity of 93%. Pak et al. reviewed related studies and reported that sensitivity and specificity of PET/CT for central LNs were 5.0% to 22.7% and 93.6% to 98.8%, respectively; and those of CE CT were 15.1% to 25.0% and 93.8% to 98.8%, respectively [10, 15, [17] [18] [19] [20] . Sensitivity and specificity of PET for lateral LNs were 30.6% to 50% and 90.4% to 97%, respectively; and those of CE CT were 33.3% to 42.3% and 53.6% to 96.6%, respectively [10, 15, [17] [18] [19] [20] . In their report, PET/CT and CE CT specificities were >90% for central and lateral neck LNs [10, 15, [17] [18] [19] [20] . Based on these data, the frequency of distant metastasis at thyroid cancer staging is only 4% to 7%, and surgery is the only therapeutic option for thyroid cancer. Pak et al. [10] reported that routine use of PET/CT for a preoperative evaluation is inappropriate, except in patients with aggressive pathologies, who have a higher risk for distant metastasis [21] [22] [23] . However, these data are all from NE PET/CT. Our CE PET/ CT sensitivity was much higher than that of previous studies [13, 15, [17] [18] [19] [20] 24] , which may be due to the additional information obtained from CE CT in our study. No study has compared preoperative thyroid cancer staging by CE PET/CT and NE PET/CT. One study on pancreatic cancer by Yoneyama et al. [24] reported that the diagnostic accuracies of distant metastasis, scalene node metastasis, and peritoneal dissemination on CE PET/ CT were significantly higher than those for NE PET/CT (P<0.05) [24] . A comparison of LN staging between CE PET/ CT and NE PET/CT is beyond the scope of this study; thus, additional studies are needed.
In our study, bilateral tumors have higher primary tumor SUVmax values. We thought that higher FDG uptake might make it difficult to detect FDG uptake into adjacent LNs, which would affect diagnostic accuracy. However, there was no significant difference in accuracy of CE PET/CT between cases with bilateral tumors and cases with ipsilateral tumors (P=0.053). In addition, there was no significant difference was observed in the primary tumor SUVmax between the PET/CT correct group and incorrect groups, and the logistic regression failed to show a significant result. Byun et al. [11] reported that tumor SUVmax values >2.8 are associated with central LN metastasis in a study on microcarcinoma of the thyroid. However, their study focused on predicting LN metastasis and not on detection. No study has analyzed the relationship between tumor SUVmax or tumor multiplicity and detectability of LN metastasis by PET/CT.
Several limitations of our study should be mentioned. First, although we followed up for 6 months, false-negative cases could have occurred, which were beyond the operation field range. Second, we retrospectively analyzed the findings from scan reports at each of the institutions without additional reading; thus, bias may have occurred. Third, the number of the cases with LN metastasis was small in some cervical levels. In addition, we only analyzed CE PET/CT without comparing CE PET/ CT and NE PET/CT.
In conclusion, 18 F-FDG PET/CT with CE CT was more sensitive and reliable than neck CT for preoperative LN staging of patients with thyroid cancer. Considering that torso PET/CT also provides information about regions beyond the cervical area, applying PET/CT with CE CT is advantageous for preoperatively evaluating thyroid cancer.
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